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Description 

{0061] The present invention retetes to methods of 
operating pulsed droplet deposition apparatus, in par- 
ticular an inkjet printhead, comprising an array of paral- 5 
lei channels disposed side-by-side, a series of nozzles 
which communicate respectively with said channels for 
ejection of droplets therefrom; connection means for 
connecting the channels with a source of droplet fluid; 
and electrically actuable means for ejecting a droplet 10 
from a selected channel. 

[0002] Such apparatus is known, for example, from 
W09572501 1 , US-A-5 227 813 and HP-/W) 422 870 and 
in which the channels are separated one from the next 
by side walls which extend in the lengthwise direction of 15 
the channels and which can be displaced in response 
to the actuating signal. The electrically actuable means 
typically compjlsepiezpelectric material in at least some 
of the side walls. 

10003] Trie last of the a fo r em ent io ned documents dls- 20 
closes the concept of "multipulse grayscale printing": fir- 
ing a variable number of ink droplets from a single chan- 
nel within a short period of time, the droplets merging 
(in flight and/or on the paper) to form a correspondingly 
variable size printed dot on the paper. Figure 1 1s taken 25 
from the aforementioned EP-A^0 422 870 and illustrates 
diagram matlcally droplet ejection from ten neighbouring 
printhead channels ejecting varying numbers 
(64,60,55 ,40,etc.) of droplets. The regular spacing of 
successive droplets ejected from any one channel ina>- 30 
cates that the ejection velocity of successive droplets is 
constant. It will also be noted that this spacing Is the 
same for channels ejecting a high number of droplets 
as for channels ejecting a low number of droplets. 
{0004] in the course of experiment, several deviations <& 
from the behaviour described in EP-A-0 422 870 have 
been discovered. 

[0005] The first finding is that the first droplet to be 
ejected from a given channel is slowed by air resistance 
and may find itself hit from behind by subsequently *o 
ejected droplets travelling in its slipstream and therefore 
subject to less air drag. First and subsequent droplets 
may then merge to form a single, large drop. 
[0006] The second finding is that the velocity of such 
a single, large drop will vary depending on the total «5 
number of droplets ejected in one go from a given chan- 
nel. This is not a destrabte condition: as is generally 
known, variation in drop velocity leads to dot placement 
errors. 

10007] A third finding relates to three-cycle operation so 
of the printhead - described, for example in EP-A-0 376 
532 - in which successive channels in a printhead are 
alternately assigned to one of three groups. Each group 
is enabled in turn, with enabled channels ejecting one 
or more droplets in accordance with incoming print data ss 
as described above. It has been discovered that the ve- 
locity of the single, large drop formed by the merging of 
such droplets will vary depending on whether the adja- 



cent channel in the same group is also being operated 
(Le. 1 in. 3 channels) or whether only the next-but-one 
channel in the same group is being operated (i.e. 1 in 6 
channels). 

[0008] These findings are illustrated in Figure 2 which 
shows the velocity U of the first drop to hit the paper 
(which may be a single droplet or a large drop made up 
of several merged droplets ) against the total duration T 
of a draw-reinfbrce-retease (DRR) actuating waveform. 
Such a waveform - well known in the art - is illustrated 
in figure 3a and places a printhead channel Initially in 
an expanded condition (a "draw" as at E), subsequently 
switches to a contracted condition <a "reinforce" as .at 
RF) and then "releases" (as at RL) the channel back to 
its original condition. As shown in figure 3a, the draw 
and reinforce periods of the waveform used to obtain 
figure 2 are equal and have a peak-to-peak amplitude 
of 40V (this need not necessarily be the case, however). 
Each repetition of the waveform results in the ejection 
of one droplet and, as shown in figure 3b, the waveform 
may be repeated several times in immediate succession 
so as to eject several droplets ("droplets per dot** or 
"dpd") and form a correspondingly sized dot on the pa- 
per. It will be appreciated that this step is repeated for 
each channel every time the group to "Which it belongs 
is enabled. and. the incoming, print data is such that it is 
requiredto print a dot. in the-experiment used to obtain 
the data shown in figure 2, channels were repeatedly 
enabled - and dots were printed - at a frequency of 60Hz. 
[0009] it wffl be seen that the application of a single 
DRR waveform of around 4 .5 ps duration (to eject a sin- 
gle droplet i.e. 1 dpd) will result in a velocity of approx- 
imately to 12m/s per second If only alternate channels 
in a group are fired (1 in 6 operation) whereas a velocity 
of around 14 m/s results if every channel in a group is 
fired (1 in 3 operation). The velocity is that measured 
shortly before the drop hits the paper and after any 
merging has taken place. However, applying the same 
waveform seven times in immediate succession (7 dpd) 
so as to eject seven droplets results in a velocity of 
around 37 m/s when operated "1 in 3" and a velocity of 
around 25 m/s when operated *1 in 6*. 
[0010] Such wide variations in velocity could give rise 
to significant dot placement errors. The present inven- 
tion has as an objective the avoidance of such dot place- 
ment errors when generated by the newly-discovered 
phenomenon described above, 
[0011] Accordingly, the present invention consists in 
a method according to claim 1 , an inkjet printhead ac- 
cording to claim 25 , and a drive circuit according to 
claim 26. 

(0012) m the method of operating the inkjet printhead 
for printing on a substrate, the printhead has an array of 
channels; 

a series of nozzles which communicate respec- 
tively with said channels for ejection of droplets there- 
from; 

connection means for connecting the channels 
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with a source of ink; 

and electrically actuabte means associated with 
each channel and actuabte a phiraJHy of times in accord- 
ance with print tone data, thereby to eject a correspond- 
ing number of droplets to form a printed dot of appropri- 
ate tone on the substrate; 

the method being characterised by the steps of: 

applying a one or a plurality of electrical signals to 
the electrically actuable means associated with a 
channel in accordance with the print tone data, ei- 
ther the duration of each signal or, where each sig- 
nal is held at a given non-zero level for a period, the 
duration of the period being selected such that the 
velocity of the droplet ejected from said nozzle in 
response to said signal is substantially independent 
of (a) whether or not the electrically actuable means 
of the channels in the vicinity of said channel are 
similarly actuated to effect drop ejection simultane- 
ously with drop ejection from said nozzle, and (b) 
the number of droplets to be ejected in accordance 
with the print tone data. 

[0013] Preferred embodiments of the invention are 
set out in the dependent claims and description. The in- 
vention also comprises, droplet deposition apparatus, 
and drive circuit means adapted to operate according to 
these claims. 

[0014] Thus, in accordance with the claims, it has 
been discovered that there are certain advantageous 
values of total waveform duration T at which the afore- 
mentioned variation in velocity is much reduced. In the 
case of Fig. 2, it will be seen that by operating a print- 
head with a waveform of approx. 3.8 us duration, the 
velocity remains fairly constant at around 1 2 m/s regard- 
less of the number of droplets ejected in one go or the 
firing/non-firing status of adjacent channels in the same 
group. Similarly, operation with a waveform of around 
7.5 its or greater will result in a fairly constant velocity 
although, at only 4 m/s, this is less desirable. 
[001 5] Figure 2 was obtained using a printhead of the 
kind disclosed in the aforementioned WO95/25011 and 
having a ratio (L/c) of closed channel length to velocity 
of pressure waves in the ink of approximately 2 us. As 
is known from W097/ia952, for example, such a ratio 
corresponds approximately to the time taken for a pres- 
sure wave m the ink to travel the closed channel length 
i.e. half the period of oscillation of longitudinal pressure 
waves in the channel. This is reflected in the "1 in 3/t 
dpd" trace which has a resonant peak at that value of T 
(=4jis) at which the compression and expansion ele- 
ments of the actuation waveform are each of 2us dura- 
tion. Thus, expressed In terms of Uc, the advantageous 
- values Foferped - to -above -ere 1 ; 9Uc-end -> 3;75L7c fb- 
spectively. 

[0016] It should be noted that at 2us, this duration is 
significantly shorter than is employed in similar print- 
heads designed to eject a single ink droplet In any one 



droplet ejection period - so-caiied "binary" printing - in 
which a greater channel length L is required to achieve 
the necessary greater droplet volume. The correspond- 
ing reduction in maximum droplet ejection frequency is 

5 offset by the fact that only one - rather than a plurality - 
of drops need be ejected to form the printed dot on the 
substrate. In contrast, "multipulse grayscale" operation 
- in which a plurality of droplets form the printed dot- 
typically requires a printhead in which the half period of 

10 oscillation of longitudinal pressure waves In the channel 
has a value not exceeding 5 us, preferably not exceed- 
ing 2.5 us. in order that sufficiently high repetition fre- 
quencies and, secondarily, sufficiently low droplet vol- 
umes can be achieved. 

t5 fl)017] Whilst the aforementioned advantageous val- 
ues of waveform duration will vary with printhead de- 
sign, actuation waveform and dot printing frequency, the 
manner in which they are determined - namely from a 
graph of the kind shown in figure 2 - will remain the 

20 same. For various values of actuation waveform dura- 
tion T, velocity data U is obtained either from analysis of 
the landing positions of ejected droplets on a substrate 
moving at a known speed or - preferably - by observation 
of droplet ejection stroboscopically under a microscope. 

26 fOOIS] Figure 4 shows data obtained forai iuW ier \n rnt- 
head of the kind discussed in. WO95/250\1l with Lie. 
again equal -to 2us -and -actuation -with the 40V peak-to- 
peak DRR waveform of figure 3a. The figure shows not 
only the extremes of 1 and 7 dpd operation but also the 

30 intermediate values of 2,3,4,5 and 6 dpd, each being 
fired with both "1 in 3" and "1 in 6* patterns. 
10019] For this arrangement, it will be seen that the 
advantageous values of T at which velocity variation is 
minimised occur at around T- 3, 7, 11 and 15 us - cor- 

•35 responding to 1 .5, 3.5 , 5.5 and 7.5UC respectively - re- 
sulting in droplet ejection velocities, U, in the region of 
9, 7, 5 and7 m/s respectively. The first of these values 
is to be preferred for actual printhead operation, howev- 
er, since higher values of T result not only in lower drop- 

40 let ejection velocities but also a greater waveform dura- 
tion overall and a correspondingly lower dot printing 
rate. For acceptable printquality - i.e. to ensure accurate 
placement of printed dots on a substrate - a droplet ejec- 
tion velocity of at least 5 m/s - and preferably at least 7 

45 m/s has been found to be necessary. 

[0020] Figure 5 is a plot of the velocity (U1 ,U2) of first 
and second droplets ejected from a printhead of the kind 
used to obtain figure 2 against total waveform duration 
T. It is believed to offer an explanation of the behaviour 

so shown in figure 2, namely that at certain values of T the 
velocity U2 of the second droplet to be ejected Is greater 
than the velocity U1 of the first droplet to be ejected. The 
sftcond.dropJel. consequently, hits, th a first. droplet. from 
the rear, the resulting larger, merged drop having a ve- 

55 loclty greater than U1 (by conservation of momentum). 
This corresponds to the velocity, peaks in the "1 in 377 
dpd and "1 in 677 dpd curves of figure 2. In contrast, 
there are other values of T where U1 and U2 are sub- 
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stantiaJJy equal and velocity differences between singie 
and multiple droplet ejection are minimised. The afore- 
mentioned advantageous operation points occur where 
these minima coincide with points of minimum velocity 
variation due to changes in printing pattern between "1 
in 3" operation and "1 in 6" operation. 
[0021] A similar increase in ejection velocity over pre- 
viously ejected droplets has been noticed in the ejection 
of the third and subsequent droplets of a train of seven 
droplets. It is believed that this behaviour corresponds 
to a build up in the acoustic energy remaining in an ink 
channei at the end of each actuation waveform. It is fur- 
ther beWeved that, at the advantageous operation points 
mentioned above, interaction between successive 
waveforms is such as to cancel out this residual acoustic 
energy, resulting in the ejection of successive droplets 
at uniform velocity. 

(0022] As mentioned above, the "DRR" waveform 
shown in figure 3a need not necessarily have channel 
contraction and expansion elements that are equal in 
duration and/or amplitude. Indeed, it is believed that the 
duration of the contraction element of the waveform may 
have more influence on the behaviour discussed above 
than the duration of the actuation waveform as a whole. 
[0023] Figure 6 ittustratesthe variation Y/ith increasing 
contraction period duration (DR) of the peak-to-peak 
waveform amplitude (V) necessary to achieve a droplet 
ejection velocity (U) of 5 m/s. As with figures 2 and 4. 
the printhead was of the kind disclosed in WO95Y25011 
end fiaving e period of longitudinal oscillation of pres- 
sure waves in the channel, 2Uc t of approximately 4A\i&. 
It will be seen that at values of contraction period dura- 
tion (DR| of around 2;5jis and 4. Sjis, different values of 
waveform amplitude V are necessary depending on the 
droplet firing regime. 

[0024] In the case of DR=2.5us, a peak-to-peak 
waveform amplitude (V) of only 27 volts is required when 
applying the waveform seven times in immediate suc- 
cession so as to eject seven droplets (7 drops per dot 
{dpd)) from one in every three channels ("1 in 3" oper- 
ation) in muitipulse grayscale printing mode. In contrast, 
a value of V=32 volts is necessary to achieve the same 
droplet ejection velocity when applying the waveform 
only once so as to eject a single droplet (1 drop per dot 
(dpd)) from one in every six channels ("1 In 6" opera- 
tion). 

[0025] tn practice, variation of waveform amplitude 
with droplet firing regime would require complex - and 
thus expensive - control electronics. The alternative so- 
lution of a constant waveform amplitude, whilst simpler 
and cheaper to implement, would give rise to variations 
in droplet ejection velocity and consequential droplet 
placement, errors, as. discussed above.. Preferably, the 
method comprises the step of: 

applying a plurality of electrical signals to the elec- 
trically actuabte means associated with said chan- 
nel in accordance with the print tone data, each 



electrical signal being held at a given non-zero level 
for a period, the duration of the period being select- 
ed such that the velocity of the droplet ejected from 
said channel in response to said signal is substan- 

s tially independent of (a) whether or not channels in 
the vicinity of said channel are similarly actuated to 
effect drop ejection simultaneously with drop ejec- 
tion from said channel, and (b) the number of oVop- 
lets to be ejected in accordance with the print tone 

10 data. 

[0026] This results from the discovery that there are 
values of contraction period duration (OR)^U which the 
droplet ejection velocity remains substantially constant 

ib regardless of the droplet firing regime. Operation in such 
ranges allows waveforms of constant amplitude to be 
used regardless of operating regime and therefore with- 
out the risk of droplet placement errors. 
[0027] in the case of figure 6, for example, such corv 

20 stant behaviour occurs in the approximate ranges 1 .8ps 
£ DR £ 2.2us (corresponding voltage waveform ampli- 
tude approximately 31.5 volts), with particularly close 
agreement between velocities being achieved at around 
2.2us, and In the range 3. Ops < DR < 3.6us (correspond- 

25 ing voltage waveform amplitude in the range 34-39 
volts), particularly 3.4jis. Expressed in terms of half pe- 
riod of oscillation, Uc, these ranges are approximately 
O.BL/c <, DR ^ 1 .OL/c. particularly 1 Uc. and 1 AUc 5 DR 
£ 1J3L/C, particularly 1.5L/c. Operation in the lower rath- 

30 er than the higher range gives a lower overaH waveform 
duration which in turn allows a higher waveform repeti- 
tion frequency. The lower operating voltage for a given 
droplet speed-in the i .8]is < DR-< 2;2us range-also gives 
rise to correspondingly lower heat generation in the pi- 

-35 ezoeleotric material of the printhead actuator walls . for 
these reasons, operation in the lower range is to be pre- 
ferred. 

[0028] It should be appreciated that printhead char- 
acteristics obtained for a constant droplet ejection ve- 

40 iocity (U), as shown in figure 6, will include consistent 
fluid dynamic effects such as nozzle and ink inlet imped- 
ance which are themselves 1mown, for example, from 
WO92/12014 incorporated herein by reference. The 
characteristics will incorporate viscosity variations, how- 

46 ever, brought about by a variation In heating of the ink 
by the piezoelectric material of the printhead with vari- 
ation m waveform amplitude (V). Piezoelectric heating 
of ink in a printhead is explained in W097/35167, incor- 
porated herein by reference, and consequently will not 

so be discussed in further detail here. 

[0029] Conversely, printhead characteristics of the 
kind shown in figures 2.4 arid obtained for a constant 
waveform, amplitude (V). will, include consislentheating. 
effects at the expense of varying fluid dynamic-effects. 

65 It will be appreciated, however, that at those operating 
conditions according to the present invention at which 
waveform amplitude and droplet ejection velocity , re- 
main constant regardless of operating regime, fluid dy- 
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namic and piezoelectric heating effects will also remain 
constant. Consequently either type of characteristic is 
suitable m determining operating conditions according 
ta.the-pnasantinYention . 

{0030} "Figure 7 illustrates the -actuating- waveform s 
usetrinobtainingthe characteristics of figure 6, with ac- 
tuating voltage magnitude being indicated on the ordi- 
nate and normalised time on the abscissa. At "C" is in- 
dicated the channel contraction period, the duration 
(DR) of which is varied to obtain the characteristics of *o 
figure 6. There follows immediately a channel expansion 
period "X" of duration of 2DR, followed by a period "D" 
of duration 0.5DR in which the channel dwells in a con- 
dition in which it is neither contracted or expanded. Fol- 
lowing the dwell period, the waveform can be repeated 1$ 
as appropriate to eject further droplets. Such a wave- 
form has been found to be particularly effective in eject- 
ing multiple droplets to form a single, variable-size, dot 
on a substrate without simultaneously causing the ejec- 
tion of unwanted droplets (so called "acrid enta is" ) -from 20 
neighbouring channels. 

[0031] Figure 6 et seq. were obtained using the de- 
scribed waveform in a printhead having a period of lon- 
gitudinal oscillation of pressure waves in the channel 
(2tc) of approximately 4.4us, a nozzle outlet diameter 25 
of 25um, and a hydrocarbon ink of the kind disclosed in 
W096/24642. Other parameters were typical, for exam- 
ple as disclosed in EP 0609080, EP 0611154, EP 
0611655 and EP 0612623. 

{00321 As explained above, for a given printhead de- 
sign operating at a given peak-to-peak actuating volt- 
age, it is possible to empirically determine advanta- 
geous operation points at which the velocity of an drop- 
let ejected from a channel remains independent both of 
the number of droplets to be ejected from that channel <& 
to form a single printed dot on the substrate and of 
whether or not neighbouring channels are also actuated 
to effect droplet ejection. 

[0033] There remains, however, the potential problem 
outlined in W097/35167 of a variation In ink viscosity - *0 
and a . resulting variation in droplet ejection velocity with 
the frequency at -which droplet ejection takes place, in 
the case of a printhead utilising chambers the volume 
of which is variable by a piezoelectric actuating mecha- 
nism, for example, such viscosity variation is attributable 45 
to a variation in ink temperature which in turn Is due to 
a variation with operating frequency in the amount of 
heat transferred to the ink from the piezoelectric material 
of the actuating mechanism for each chamber. 
10034] Figure 8 shows such a variation In droplet ejec- so 
tion velocity (U) with peak-to-peak amplitude (V) for the 
printhead described above when operated according to 
the following droplet ejection regimes: _(a) single. dropiet. 
(1 dpd), low (1dc) frequency operation ; (b) single droplet 
(1dpd), high (104dc) frequency operation; (c) seven ss 
droplet (7dpd), low (1 dc) frequency operation: (d) seven 
droplet (7dpd), high <104dc) frequency) operation, 
whereby 1 dc ("drop count") corresponds to a dot printing 



frequency of 60Hz - a dot being formed by the ejection 
from a channel of one or more droplets in response to 
the application of one or more actuating waveforms - 
and 1<H dc-ccrrespcrids-ta of 
6.2kHz. in the particular-example, actuation -was by the 
waveform of figure 7 with the advantageous DR value 
of 2.2us as determined from figure 6. 
{0035] Comparing characteristics (a) and <b), it will be 
seen that, at any given value -of peak-to-peak waveform 
amplitude (V), the droplet ejection velocity (U)from a 
channel firing at 6.2kHz is between 3 and 5 m/s (on av- 
erage 4 m/s) greater than the value of U for a channel 
firing at 60Hz. Furthermore, the value (Vmin) of wave- 
form amplitude below which dropiet ejection no longer 
takes place is lower (29V giving 4 m/s) at the higherfiring 
frequency that at the lower firing frequency (30V giving 
2 m/s). There is also a corresponding reduction in the 
value, Vmax, of waveform amplitude above which the 
printhead is no longer able to eject droplets due, 
amongst other things, to the known problem of air-suck- 
ing. 

[0036] Similar patterns are evident in the seven drop- 
iet per dot characteristics (c) and .(d), with a difference 
in U at a given V of around 7m/s and a Vmin value of 
approximately 2 m/s at 30V at 60Hz compared with a 
value of 5 m/s at 25V when firing at 6.2kHz. 
[0037] It will also be noted that the range of waveform 
amplitude values (V) over which dropiet ejection takes 
place decreases from 30 or more volts in the 1dpd/1dc 
and 1dpd/104dc regimes (a) and (b) to only 6 volts in 
the 7dpd/104dc regime (d). In particular, the maximum 
values of amplitude at which droplet ejection takes place 
(Vmax) reduce with regime from 50V (giving U=21m/s) 
in regime (a) to 31V (giving U=10m/s) in regime (d). 
Conversely, performance at lower voltages increases 
with drops per dot / drop count, with an amplitude of only 
25 volts being required to effect droplet ejection (at 
4.5m/s) in regime (d) as against the 30 volts needed to 
eject a droplet (at 2.5m/s) In regimes (a) and (b). This 
behaviour is believed to be attributable to a reduction in 
ink viscosity brought about by increased heat genera- 
tion In the piezoelectric actuatorwhen operated to eject 
higher numbers of drops per dot 
[0038] As already mentioned, a droplet ejection 
speed of at least 5 m/s is necessary for effective image 
formation. In the case of a printhead operating in ac- 
cordance with figure 8, it will be noted that there is no 
common value of V at which droplet ejection in excess 
of 5 m/s can be obtained for all operating regimes. Such 
a printhead is said to have no operating window. 
[0039] The solution to the above problem is also de- 
scribed in the aforementioned W097/35167 and entails 
supplying the actuating, mechanism, of. each, chamber, 
•with one of -severe I -voltage- waveforms depending on 
whether droplet ejection Is required. Where incoming 
print data dictates that droplet ejection is to take place, 
a waveform according to the present invention - for ex- 
ample having an advantageous OR value of the kind drs- 
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cussed with regard to figures 6. and 7 - can be applied. 
Alternatively, where no droplet ejection is to take place, 
there is applied a waveform that is insufficient to effect 
droplet ejection yet sufficient to generate an amount of 
heat in the piezoelectric material of the actuating mech- 
anism to keep the ink in the chamber at the same tem- 
perature (and thus viscosity) as its droplet-ejecting 
neighbours. 

[0040] Such a non-ejecting waveform shape is known 
from the aforementioned W097/351o7, repeated in fig- 
ure 9 for convenience. It is particularly suited to print- 
heads in which actuator walls are defined between ink 
channels each having a channel electrode, successive 
channels in the printhead being alternately allocated to 
one of three groups which themselves are enabled one 
after anotherfor droplet ejection. Such operation Is well- 
known - e.g. from WO95/25011 - and consequently will 
not be discussed in greater detail. 
(0041] By offsetting by an amount "P" the voltage 
pulse 60 applied to a channel tolongmg to an enabled 
channel group relative to voltage pulses 70 applied to 
neighbouring channels belonging to non-enabled 
groups, it is possible to generate across the actuator 
walls bounding that enabled channel an actuation wave- 
form, shown at 60 in figure 9, that has the same value 
of peaMo^peakampHtude(V)as^4»rresponding-drop-- 
let-ejecting waveform but© duration of contraction and 
expansion periods reduced to a level where heat gen- 
eration - but no droplet ejection - takes place. Alternative 
non-ejecting waveforms m which amplitude rather than 
duration is reduced to a non-ejecting level may equally 
well be used. Examples are disclosed in W097/351 67. 
10042] Figure 10a is an example of the ejecting and 
non-ejecting actuation waveforms that might be applied 
to three neighbouring channels belonging to three suc- 
cessively-enabled channel groups A,B and C in the case 
where the incoming print data specifies 100%, 0% and 
42% (3/7) print density respectively. 
[0043] In the period 1 00 of enablement of the channel 
belonging to group A, seven droplet ejecting waveforms 
11 0 of the kind shown in figure 7 are applied in Immedi- 
ate succession, thereby to eject seven droplets to form 
a single, maximum-size dot on the substrate. 
[0044] In the subsequent period 120 of enablement of 
the channel belonging to group B, seven non-ejecting 
waveforms 1 30 of the kind shown in figure 7 are applied 
in immediate suc c es s ion. No droplets are ejected - giv- 
ing the desired 0% print density - but sufficient heat is 
generated in the printhead actuator walls and trans- 
ferred to the ink to maintain the ink at substantially the 
same temperature as if the channel had been actuated 
to eject seven drops. 

[0045] During the period of enablement 140 of the 
channel belonging to group C , three ejecting waveforms 
150 followed by four non-ejecting waveforms 160 are 
applied, thereby to eject three out of a possible seven 
droplets to form a 42% sized printed dot yet maintain 
the Ink in that channel at temperature corresponding to 



seven drop ejection. 

10046] Cycles A, B and C are subsequently repeated, 
droplets being ejected in accordance with print data. 
{0047] Figure 10b Wustrates the corresponding vott- 

5 age waveforms applied to the channel electrodes of the 
three neighbouring channels to generate the actuating 
waveforms shown in figure 10a. 
{0048} As explained in W097/35167, the necessary 
level of heat generation by a non-ejecting waveform 

w may be established by a simple process of trial and er- 
ror. Figure 11 shows the effect of varying me offset, P, 
referred to above for a channel actuated at a frequency 
of 6.2kHz (the aforementioned '104dc' operation), me 
first cycle comprising a train of seven droplet-ejecting 

15 waveforms - as per cycle A In figure 10a - and the fol- 
lowing 103 cycles each comprising a train of seven non- 
ejecting waveforms as per cycle B of figure 10a. P val- 
ues for the non-ejecting waveforms are given as a frac- 
tion of the contraction period (DR) of the equivalent, 

20 droplet-ejecting waveform. There is also shown b char- 
acteristic for a "Tdpd/IO^dc" operation in which the 
channel is repeatedly actuated at a frequency of 6.2 kHz 
with a train of seven droplet-ejecting waveforms. 
[0049] It will be seen that the 7dpd/1 dc characteristics 

25 form a series in whtch 1he ejection vetocfty U at a given 
actuating- voltage, amplitude V. increases, with. P.. The 
7dpd/104dc characteristic does not form partoftiiis-se- 
ries, but is almost coincident with the characteristic for 
7dpd/1dc t P=0.35, i.e. there is little difference between 

30 the velocity of droplets ejected by the two waveforms. 
This indicates that a non-ejecting waveform having 
P=0.35 gives a degree of ink heating which most closely 
matches that generated during droplet ejection, taking 
account of the heat that is taken out of the ink channel 

35 by the ink droplet itself. 

[0050] Whilst the value of P=0.35 is believed to apply 
to aft prmtheads having similar thermal conduction prop- 
erties to those of the general printhead construction out- 
lined above, it will be understood that other printhead 

40 designs may well have different thermal conduction 
properties. Similar considerations apply to the Ink used 
in the printhead. In such cases, different values of P will 
be necessary, to be determined by an Iterative process 
such as outlined above. Reference to W097/35167 is 

45 made in this regard. 

[0051] The higher velocities of the characteristics 
having -P greater than 0.35 (i.e 20P=0.4 and greater) 
correspond to an amount of heat being given to the ink 
by a non-ejecting waveform that actually exceeds that 

so generated during normal droplet ejection. 

[0052] Figure 12 illustrates the performance of the 
printhead used to obtain figure 8 when operated using 
a non-ejecting waveform having P=0.35 as determined 
in the simple trial and error method outlined above. It is 

65 clear from the figure that droplet ejection velocity U is 
independent of whether one or seven droplets are eject- 
ed to form a printed dot on a substrate and/or whether 
the train of one or seven droplets is repeated at a fro- 
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quency of 60Hz or 6.2kHz. Droplet ejection regardless 
of regime wiil be seen to take place for voltage waveform 
amplitudes in the approximate range 26-30 vote giving 
rise to the corresponding ejection velocity range of ap- 
proximately 4-10 m/s. 

10053] Figure 1 3 is a detailed view of figure 1 2 show- 
ing the operating window W of approximately 3.6V with* 
in which droptet ejection velocity U {in the approximate 
range 5-9.5 m/s) remains greater than or equal to 5m7s 
and substantially Independent of the number of droplets 
ejected In a train to form a printed dot on the substrate 
and of the frequency at which such a train is repeated. 
This is in contrast to the operation described above with 
reference to figure 8 and having no operating window. 
Further, as mentioned above, the choice of droplet ejec- 
tion waveform in accordance with the Invention, ensures 
that the droplet ejection velocity also remains substan- 
tially independent of whether or not channels in the vi- 
cinity of the firing channel are similarly actuated to effect 
droplet ejection. 

[0054] The use of non-ejecting poises as described 
above also makes the system as a whole more energet- 
ic with the result that, for ejection regimes (a) - (c) at 
least droplet ejection begins at a lower value of ampli- 
tude (Vmm)than when operated without such pulses as 
per figure 6. 

[0055] Whltetspedtfic reference has been made-toee- 
paratus as described' in WO95/2501T, the present In- 
vention may be applicable to a wide range of Ink jet ap- 
paratus, particularly apparatus m which a channel divid- 
ing side waU is displaceable in either of two opposing 
directions. Simlariy, the term ink jet may Include the 
ejection of substances other than ink to form an image 
on a substrate. 



Claims 

1. A method of operating an inkjet printhead for print- 
ing on a substrate, the printhead having an array of 
channels; 

a series of nozzles which communicate re- 
spectively with said channelsfor ejection of droplets 
therefrom; 

connection means for connecting the chan- 
nels with a source of ink; 

and etectrtcatty actuable means associated 
with each channel and actuable a plurality of times 
in accordance with print tone data, thereby to eject 
a corresponding number of droplets to form a print- 
ed dot of appropriate tone on the substrate; 

the method being characterised by the steps 

ot 

applying a one or a plurality of electrical signals 
to the electrically actuable means associated 
with a channel in accordance with the print tone 
date, either me duration of each signal or, 



where each signal is held at a given non-zero 
level for a period, the duration of the period be- 
ing selected such that the velocity of the droplet 
ejected from said nozzle in response to said 

5 signal is substantially independent of (a) 

whether or not the electrically actuable means 
of the channels In the vicinity of said channel 
are similarly actuated to effect drop ejection si- 
multaneously with drop ejection from said noz- 

1Q zle. and (b) the number of droplets to be ejected 

in accordance with the print tone data. 

2. Method according to claim 1, wherein successive 
channels of the array are regularly assigned to 

is groups such that a channel belonging to any one 
group is bounded on either side by channels be- 
longing to at least one other group; 

the groups of channels being sequentially en- 
abled for actuation in successive periods; 

20 the duration of each-signal being chosen such 

that the velocity of a droplet, ejected from said chan- 
cier In response to said signal, is substantially Inde- 
pendent of (a) whether or not those channels be- 
longing to the same group as said the channel and 

25 which- are located nearest in #w array to said chan- 
nel-are similarly actuated to effect droplet ejection 
simultaneously-with- drop-ejection from-saltf- chan- 
nel; and (b) the number of droplets to be ejected in 
accordance with the print tone data. 

30 

3. Method according to claim 1 or 2 , wherein the ratio 
of foe duration of each signat to the half period of 
oscillation of longitudinal pressure waves in said 
channel lies in the ranges 1 .5 - 19 or 3.5 - 3.8 or in 

35 (he vicinity of the vaJua&S-S and 7.5. 

4. Method according to any previous claim, wherein 
said electrically actuable means are adapted to vary 
the volume of said channel, thereby to effect droplet 

<o ejection therefrom. 

5. Memod according toclaim 4 , wherein said etectricaf 
signal effects an expansion of said channel followed 
by a contraction of said channel. 

45 

6- Method according to claim 5, wherein said channel 
is hekJ in expanded and contracted states for equal 
periods of time. 

50 7. A method according to Ciaim 1, comprising the step 
of: 

applying a plurality of electrical signals to the 
electrically actuable means associated with 
55 said channel in accordance with the print tone 

data, each electrical signal being held at a giv- 
en non-zero level for a period, the duration of 
the period being selected such that the velocity 
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of the droplet ejected from said channeJ in re- 
sponse to said signal is substantially independ- 
ent of (a) whether or not channels in the vicinity 
of said channel are similarly actuated to effect 
drop ejection simultaneously with drop ejection fi 
from said channel, and (b) the number of drop- 
lets to be ejected in accordance with the print 
tone data. 

8. Method according to claim 7, wherein successive 10 
channels of the array are regularly assigned to 
groups such that a channel belonging to any one 
group is bounded on either side by channels be- 
longing to at least one other group; 

the groups of channels being sequentially en- 1$ 
abled for actuation in successive periods; 

each electrical signal being held at a given 
non-zero level for a period, the duration of the peri- 
od being selected such that the velocity of a droplet, 
ejected from said channel in response to said sig- 20 
nal, is substantially Independent of (a) whether or 
not those channels belonging to the same group as 
said channel and which are J oca tad nearest in the 
array to said channel are similarly actuated to effect 
droplet -ejection simuttaneousfy with drop -ejection 2s 
from said channel, and (b) the number of droplets 
to be ejected in accordance with the print tone data. 

9. Method according to claim 7 or 8, wherein the ratio 

of the duratton of trre period for which each electrical 30 
signal is held at a given non-zero level to the half 
period of oscillation of longitudinal pressure waves 
in said channel lies in the ranges 0.8 to 1.0 or 1.4 
to 1.6. 

36 

10. Method according to any of claims 7 to 9, and 
wherein the electrical signal beingheld at said given 
non-zero level effects an increase in the volume of 
said channel. 

40 

11. Method according to claim 10, wherein said electri- 
cal signal effects an expansion of said channel fol- 
lowed by a contraction of said channel. 

12. Method according to claim 11, wherein said channel <5 
is held In an expanded and contracted states of 
equal periods of time. 



eiectricaJJy actuabJe means, each further signal 
causing a change in temperature of the droplet fluid 
in said channel without causing droplet ejection, 
said change in temperature being substantially 
equal to that caused by the application of an. elec- 
trical signal to effect ejection of a droplet. 

16. Method according to claim 15, wherein droplets to 
form a printed dot on the substrate are ejected in a 
droplet ejection period, the sum of the number of 
electrical signals and the number of further electri- 
cal signals applied being constant for successive 
droplet ejection periods. 

17. Method according to claim 15 or 16, wherein said 
further electrical signal is held at a given non-zero 
level for a further period. 

18. Method according to claim 17, wherein the ratio of 
the duration of said further "period to the duration of 
said period at which said electrical signai is held at 
a given non-zero level is less than one. 

19. Method according to claim 18, wherein the ratio is 
less than 0.4. 

20. Method according to claim 19, wherein the ratio is 
approximately 0.35. 

21. Method according toanyof claims 17to 20, wherein 
said further electrical signal Is held at a first given 
non-zero level for a first further period and thereaf- 
ter at a second given non-zero level for a second 
further period, said first and second given non-zero 
levels being of opposite sign. 

22. Method according to claim 1, wherein said first and 
second further periods are of equal duration. 

23. Method according to any previous claim, wherein 
the velocity of the ejected droplet is at least 5 m/s, 
preferably at least 7 m/s. 

24. Method according to any previous claim, wherein 
the half period of oscillation of longitudinal pressure 
waves in the ink in the channeJ has a value not ex- 
ceeding 5 us, preferably not exceeding 2.5 us. 



13. Method according to any previous claim, wherein 
said plurality of electrical signals are applied In im- so 
mediate succession. 

14. Method according to any previous claim, wherein 
successive electrical signals are separated In time 

by a dwell period. 55 

1 5. Method according to any previous claim, wherein a 
number of further electrical signals is applied to the 



25. An inkjet printhead for printing on a substrate: 

the printhead having an array of channels; 
a series of nozzles which communicate respec- 
tively with said channels for ejection of droplets 
therefrom; 

connection means for connecting the channels 
with a source of ink; 

electrically actuable means associated with 
each channel and actuable a plurality of times 
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in accordance with print tone data, thereby to 
eject a corresponding number of droplets to 
form a printed dot of appropriate tone on the 
substrate; 

and a<lriveoircuitforapp!yingtheeiectricai sig- * 
nate one or a plurality of times to the electrically 
actuable means associated With a channel In 
accordance with the print tone data, character- 
ised In that the drive circuit is configured to ei- 
ther apply each electrical signal for a duration 10 
selected such that, or hold each signal at a giv- 
en non-zero level for a period, the duration of 
the period being selected such that the velocity 
of the droplet ejected from said nozzle in re- 
sponse to said signal Is substantially In depend- 15 
ent of (a) whether or not the electrically actua- 
ble means of the channels in the vicinity of said 
channeJ are similarly actuated to effect drop 
ejection simultaneously with drop ejection from 
said nozzle, and (b.) the number of droplets to 20 
be ejected in accordance with the print tone da- 
ta. 

26. A drive circuit for an Inkjet printhead for printing on 
a substrate* 25 

the printhead having an array of channels; 
a series of nozzles which communicate respec- 
tively with said channels for ejection of droplets 
herefrom; 30 
connection means for connecting the channels 
with a source of ink; 

and electrically actuable means associated 
with each channel and actuable a plurality of 
times in accordance wUh print tone data, there- -35 
by to eject a corresponding.number of droplets 
to form a printed dot of apprdpriateione on the 
substrate; 

said drive circuit being configured to apply the 40 
electrical signals one or a plurality of times to the 
electrically actuable means associated with a chan- 
nel in accordance with the print tone data, charac- 
terised In that the drive circuit is configured to ei- 
ther apply each electrical signal for a duration se- <5 
iected such that, or hold each signal at a given non- 
zero level for a period, the duration of the period 
being selected such that the velocity of the droplet 
ejected from said nozzle In response to said signal 
is substantially independent of (a) whether or not so 
the electrically actuable means of the channels in 
the vfctntty of sata channel are similarly actuated to 
effect drop ejection simultaneously with drop ejec- 
tion from said nozzle, and (b) the number of droplets 
to be ejected In accordance with the print tone data. 55 



Patentanspruche 

1. Verfahren rum Betrieb eines Ttntenstrahi-Oruck- 
kopfes, zum Drucken auf einem' Substrat, wobei der 
Oruckkopf eln FekS vonKarieJen ; 

eine Serie von DOsen, diejeweHig mitden Ka- 
naien fOr den Auswurf von TrSpfchen daraus tom- 
munizieren; 

Verblndungsmittel fur die Verbindung der Ka- 
nale mlt einer Tintenquelle; und ein elektrisch 
-schaltbares bzw. betfltigbares Mittel, das mlt jedem 
Kanal verbunden ist und in Obereinstimmung mit 
den Druckton-Paten vieifach.8chaitbar .bzw. bate- 
tigbar ist, um dadurch eine entsprechende Anzahl 
von TrSpfchan auszuwerfen um einen gedruckten 
Punkt eines angemessenen Farbtons auf dem Sub- 
strat zu formen bzw.-zu bilden, hat; 

wobei das Verfahren durch die folgenden 
Schritte gekennzeichnet 1st 

Anlegung eines einzefnen elektrischen- Signals 
oder einer Vielzahl von elektrischen Signaien, 
an das elektrisch schaithare bzw. beialigbare 
Mittel; das mit einem Kanal in Obereinstim- 
mung trrtt den Oruckton-Daten •veTbunden fet, 
wobei entweder die Dauer von jedem Signal 
oder, wo jedes Signal bei einer gegebenen 
Nicht-Null-Stufe bzw. Hfihe fOreine Periode ge- 
halten wird, die Dauer von der Periode, derart 
ausgewfihit wird , dass die Geschwindigkeitdes 
Tropfchens, das in Antwort auf das Signal von 
dert)use ausgeworfen-wlrd, im -wesentilchen 
uriabhfingig 1st von (a) ob oder ob riicht das 
elektrisch schaltbare bzw. betatigbare Mittel 
von den Kandlen in der Nabe von dem Kanal 
fihnlich betfltigt wird, um den Tropfchenaus- 
wurf gleichzeltig mit dem TrOpfchenauswurf 
von der DQse zu bewirken, und (b) der Anzahl 
von Trdpfchen, die in Obereinstimmung mit den 
Oruckton-Daten ausgeworfen warden. 

2. Verfahren nach Anspruch 1 , bei welchem aufBrnan- 
derfolgende Kanale des Feldes regelmafJlg Grup- 
pen zugewiesen werden, so dass ein Kanal, derzu 
irjgendeiner Gruppe.gehfirt, auf beiden Seiten durch 
Kanale verbunden ist bzw. gebunden Ist, die wenlg- 
stens zu einer enderen Gruppe gehflren; 

wobei die Gruppen von Kanfilen sequential! 
zur Betfltigung in aufeinanderfoigenden Perioden 
freigegeben werden; 

wobei die Dauer eines jeden Signals derartig 
gewfihtt wird, dass die Geschwindigkeit eines 
TnBpfchens, das von einem Kanal els Antwort auf 
das Signal-ausgestoRen bzw. ausgeworfen wird, im 
wesentlichen unabhangig ist von (a) ob oder ob 
nicht Kanale die zu der set ben Gruppe wie der ge- 
nannte Kanal. gehoren. und die .in dem Feid am 
nfichsten zu dem Kanal sich befinden, Shnllch be- 
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tatigt warden, urn einen TrOpfchenausstofl bzw. ei- 
nen TrOpfchenauswurf gleichzeitig mit dem TrOpf- 
chenausstrofi von dem Kanal zu bewirken. und <b) 
die Anzahl der auszustoBenden Trflpfchen In Ober- 
einstlmmung -mit -den Grucktorrtteten ist. 5 

3. Verfahren nach Anspruch 1 oder 2„ bei welchem 
des Vemflttnts der Oauer von jedem Signal zu der 
rralben Periode der Schwingung von longitudinalen 
Druckwellen In dem genannten Kanal in den Berei- ™ 
chen 1 ,5 bis 1 ,9 oder 3,5 bis 3,8 oder in der Nftbe 
der Werte 5,5 und 7,5 liegt 

4. Verfahren nach irgendeinem vorherigen Anspruch, 
bei welchem das elektriscn schaltbare bzw. beta* tig- 
bare Mitte) angepasst wird, urn das Volumen des 
Kanals zu variieren, urn daduTch den Trdpfchen- 
Auswurf daraus zu bewirken. 

5. Verfahren nach Anspruch 4, beiv/eichem das etek- 20 
trische Signal eine Expansion des Kanals gefolgt 
von einer Kontraktion des Kanais bewirkt. 

6. Verfahren nach Anspruch 5, bei welchem der Kanal 

im erweiterten und zusammengezogenen Stadium 25 
fOr gleiche Zettperioden gehalten wird. 

7. Verfahren nach Anspruch 1, das die fblgenden 
Schritte umfasst 

30 

etne Vietzahi von elektrischen Slgnaten werden 
an das elektrisch betatigbare Mlttel angetegt, 
das dem Kanal in Oberemstimmung mit den 
Druck-Farbton-Daten zugeordnet ist* wobei je- 
des eiekJrische Signal bei elnern gegebenen ^ 
Nicht-Null-Niveau fQr eine Periode gehaiten 
wird, wobei die Dauer der Periode derartig aus- 
gewfihlt wird, dass die Geschwindigkeit des 
Trtipfchens, das von dem Kanal als Antwortauf 
das Signal ausgestoAen wird, jm wesentlJchen *o 
unabhflngig 1st von (a) ob oder ob ntcht Kanfile 
in der NflhBdes Kanals fchnlich betfltigt wer- 
den, urn einen Trflpfchenausstofc gleichzeitig 
rrrit ei nam TrOpfchenausstofi von dem Kanal zu 
bewirken, und (b) die Anzahl der TrOpfchen, die 46 
in Gberelnstimmung mit den Druck-Farbton- 
Daten auszustofien 1st. 

8. Verfahren nach Anspruch 7, bei welchem aufelnan- 
derfolgende Kanflte des Feldes regelmflfilg Grup- so 
pen zugeordnet werden, derartig, dass ein Kanal, 
der zu ifgendetnerGtuppe gehOrt, an betden Setten 
bzw. Jeder Sette durch Kanfile gebunden wtrd bzw. 
eingebunden wird, die wenigstens zu-emeranderen 
GrupprgehOren; 55- 

wobei die Gruppe der Kandle sequenrJell zur 
Betfitigung maufeinafiderfWgenden Perioden frei- 
gegeben wird; 



jedes elektrische Signal bei einem gegebe- 
nen N icht-N ull-S tuf e fQr eine Periode gehalten wird, 
wobei die Dauer der Periode derartig ausgewSWt 
wird, dass die Geschwindigkeit sines Trflpfchens, 
•das von -dem Kanal in Antwort euf das Signal eus- 
gestoften wird, im wesentlichen unabhflngig tet von 
(a) ob oder ob nlcht jene Kanaie, die zur der selben 
Gruppe wteder Kanal gebGren und dieamnflchsten 
in dem Feld zu dem Kanal sich befinden, ahnlich 
betfltigt werden, urn einen TrOpfchenausstoG 
gleichzeitig mit dem Trdpfchenausstofi von dem 
Kanal bewirken, und (b) die Anzahi der TrOpfchen, 
die in Obereinstirnroung mit deniDaick-F^cbtorhDa- 
ten auszustofien sind. 

9; Verfahren nach Anspruch T oder 8, bei welchem 
das Verhfittrtis von der Dauer der Periode, for wel- 
ches jedes elektrische Signal bei einer gegebenen 
Nicht-Null-Stufe gehalten wird, zu der halben Peri- 
ode der Schwingung der longitudinalen Druckwette 
in dem Kanal in den Bereichen 0,8 bis 1,0 oder 1,4 
bis 1,6 liegt 

10. Verfahren nach Irgendeinem der AnsprOche 7 bis 
9, bei weichem das elektrische Signal, das bei einer 
gegebenen Nicht-Null-Stufe gehalten wird, ein Arv 
steigen des Vblumens des Kanais bewirkt. 

11. Verfahren nach Anspruch 10, bei welchem das 
elektrische Signal erne Expansion des Kanals ge- 
fotgt von einer Kontraktion des Kanais bewirkt. 

12. Verfahren nach Anspruch 11, bei weichem der Ka- 
nal in eihem erweiterten und zusammengezogenen 
StedJumfGr glekto. Zettperioden gehaiten wird. 

13. Verfahren nach irgendeinem vorherigen Anspruch, 
bei weichem die vleizahl von elektrischen Signalen 
In unmtttetbarer Rethenfblge bzw. Abfoige angelegt 
bzw. angewandt werden. 

14. Verfehren nach irgendemem vorherigen Anspruch, 
bei welchem aufeinanderfolgende elektrische Si- 
gnaie durch eine VerweHperiode zeitlich getrermt 
werden. 

15. Verfehren nach irgendeinem vorherigen Anspruch, 
bei welchem eine Anzahl von weiteren elektrischen 
Signalen an das elektrische schaltbare bzw. beta- 
tigbare Mittet angelegt bzw. angewandt werden, 
wobei jedes weitere Signal eine Verfinderung der 
Temperaturder Trcplteher^HOssigkeitin dem Kanal 
bewirkt, ohne einen TrOpfchenauswurf zu verursa- 
chen, wobei dleAnderung <ier Temperetur 4m we- 
sentlichen gletchxu jenentst, die durch die Anwen- 
dung eines elektrischen Signals, urn einen Auswurf 
eines TrOpfbhens zu bewirken, verursacht wird. 
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16. Verfahren nach Anspruch 15, bei welchem Tropf- 
chen, um einen gedruckten Punkt auf einem Sub- 
strat zu btWen, in einer Tro^jfchen-Auswutf-^eriode 
ausgeworfen wurde, wobei die Summe-von dec An- 
zahl von -etektrischen Stgnaien und der Anzahl von -5 
wetteren angelegten bzw. angewendeten eiektri- 
schen Sigrmlen fDr aufeinanderfoigende Trdpf- 
chefvAiiswurf-Pedoden -konstant 1st. 

17. Verfahren nach "Anspruch 15 oder 1 6, bei welchem *° 
das weitere efektrische Signal bei einer gegebenen 
Nicht-Null-Stufe fOr eine weitere Periode gehatten 
warden. 

18. verfahren nach Anspruch 17, bei walcbem das Ver- to 
hfiltnis der Dauer der weiteren Periode zu der Dau- 

er der genannten Periode, bei der das elektrische 
Signal bei einer gegebenen Nicht-NuJJ-Stufe gehai- 
ten wird, weniger als 1 ist 

20 

19. Verfahren nach Anspruch 18, bei welchem das Ver- 
hflltnls weniger ais 0,4 Ist 

20. Verfahren nach Anspruch 19, bei welchem das Ver- 
hflltnis ungefahr 0*35 ist. 25 

21. Verfahren nach irgendeinem Anspruch 17 bis 20, 
bar welchem das weitere elektrische Signal bei ei- 
ner ersten gegebenen Nicht-Null-Stufe fQr eine er- 
ste weitere Periode urridanacn bei einer zweiten so 
gegebenen Nicht-Null-Stufe fQr eine zweite weitere 
Periode gehaiten wird, wobei die erste und zweite 
gegebene Nicht-NuH-Stufe entgegengesetzte Vor- 
zeichen bzw. Werte besitzen. 

35 

22. Verfahren nach Anspruch 1, bei welchem die erste 
und zweite weitere Periode die gleicbe Dauerba- 
ben. 

23- Verfahren nach irgendeinem vorherigen Anspruch, *o 
bei welchem die Geschwindigkeit von dem ausge- 
worfianen Trfipfchen zumindest 5 m/s, vorzugswei- 
se zumindest 7 m/s ist. 

24. Verfahren nach Irgendeinem vorherigen Anspruch, 45 
bei welchem die haibe.Periode der Schwingung von 
tongttudinuten OmckweHen in der Tinte fn dem Ka- 
nal, einen Wert besitzt, der 5 jis nlcht Qbersteigt, 
vorzugsweise 2,5 us nicht Qbersteigt 

60 

25. Tintenstrahl-Druckkopf zum Drucken auf einem 
Substrat: 

wobei der Oruckkopf ein Fold von Kanalen; 

eine Reihe von DOsen , die JewetHg mlt den Ka- « 

nfllen zum Auswurf bzw. AusstoBen von TrOpf- 

chen da von kommunizieren; 

ein Verbindungsmlttel zum Verbinden des Ka- 



nals mit einer TlntengueiJe; 
ein eiektrisch betatigbares MitteJ, die mit jedem 
Kanai verbunden sind und eine Vteizahi von 
Malen in Obereinstimrnungmit Druckton-Daten 
betatigbariet, um dadurch eine-eritsprechende 
Anzahl von Tropfchenauszosto&en; umeinen- 
gedruckten Punkt elnes angemessenen bzw. 
passenden Tons auf dem Substrat zu drukken; 
und eine Treiberschaltung zum Anlegen der 
eiektrisch en Signals einmal oder eine Vielzahi 
von Malen an das eiektrisch betfittgbareMlttel, 
das mit einem Kanal in Oberemstimmung mit 
den Oruckton-Daten verbunden ist, bzw. in 2u- 
sammenhang steht; hat, dadurch gekenn- 
zelcbnet, dass die Treiberschaltung gestaltet 
bzw. angeordnet ist, um entweder jedes- elek- 
trische Signal fQr eine Dauer anzuiegen, die 
derartig ausgewahlt ist, dass. oder jades Signal 
bei einem gegebenen Nicht-Null-Niveau fQr ei- 
ne Periode zu flatten, wobei die Dauer der Pe- 
riode derartig ausgewahlt wird, dass die Ge- 
schwindigkeit des Tropfchens, das von der D el- 
se in Antwort auf das Signal ausgestoOen wird, 
im wesentlichen unabhflngig ist von (a) ob Oder 

_ L — J— X-a jj . .., ,, 1 ,, 1 ...f ,. , J- i . . . | W| ! r» >i ntin * Jill J -t 

oo mem oes eiewnscn oetawgoare wiraei oer 
Kanale in der Nahe des Kanals ahnlich betdtrgt 
wird, um einen Tropfchen-Ausstba gleichzeitig 
mit einem TrCpfchen-Ausstoli von der DQse zu 
bewirken, und (b). der Anzahl von Tropfchen, 
die in Obereinsommung mit dem Oruckton-Da- 
ten auszusto&en ist. 

26. Treiberschaltung fur einen Tintenstrahl-Druckkopf 
zum Drucken auf einem Substrat: 

wobei der Druckkopf ein Fold von Kanalen; 
eine Reihe von DOsen, die jeweilig mit den Ka- 
nfilen zum Ausstofl von Tropfchen davon ver- 
bunden sind; 

ein Verbindungsmitte! zum Verbinden mit einer 
Tinten quelle; und ein eiektrisch beta tig be res 
Mittels, das jedem Kanal zugeordnet ist und ei- 
ne Vielzahl von Malen in Obereinsfimmung mit 
Druckton-Daten betatigbar ist, um dadurch ei- 
ne entsprechende Anzahl von TrOpfchen eus- 
zustbBen, um einen gedruckten Punkt passen- 
den Tons auf dem Substrat zu druckerr; hat; 

wobei die Treiberschaltung aufgebaut bzw. 
gestaltet ist, um die elektrischen Signale einmal 
oder eine Vielzahl von Malen an das eiektrisch be- 
tfltigbare Mlttel anzuiegen, das einem Kanal 4n 
Obereinsttmmung mit den Druckton-Daten zuge- 
ordnet ist, dadurch gekennzelchnet, dass die 
Treiberschaltung aufgebaut bzw. gestaltet ist, um 
entweder jedes elektrische Signal TOT eine Dauer 
anzuiegen; die -derartig ausgewahlt 1st, dass, oder 
jedes Signal bei einem gegebenen Nicht-Nuil-Nf- 
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veau fOr erne Periods zu batten* wobei die Dauer 
der Periods derartig ausgewahitwird, dass die Ge- 
schwindigkett des TrOpfchen, das von der Dflse m 
Antwort zu dem Signal ausgesto&en wird, im we- 
sentiichen ^abhangig ist, von <a) ob Oder ob riicht s 
das etektrische betatigbare Mittei der Kanate in der 
Mltte des Kanals Shnlich betatigt wird. urn elne 
TrOpfchenausstoB gtetehzeitig mlt etnera Trftpf- 
chenausstoB von der DOse zu bewirken, und (b) die 
Anzahl derTrSpfchen, dte In Gbereinsfimmung mil 10 
den Druckton-Daten auszusto&en sind. 



Revendlcations 

16 

1. Procede defoncttonnement d'unetete d'lmpressfon 
ajettfencre pour impression surunsubstrat.latete 
compression comprenant : 

tme serie de canaux ; 20 
one sane de buses qui communiquent respec- 
trvement avec les dtts canaux pour ejection tie 
goutteiettes a paitir de ceux-cl .; 
des moyens de connexion pour connecter les 
canaux a une source d'encre et 25 
des moyens electriquement exci tables asso- 
cies a chaque canal et exoitabtes <ine pluraltte 
de fols conformement & des donnees de ton 
□Impression, afin (Tejecter un nomore corres- 
pondent de gouttetettee pour former- un point 30 
imprime de ton approprie sur la substrat ; 

ie procede etant caracterise paries stapes de : 

application d'un signal ou d'une pluraltte de si- -35 
gnaux electriques aux moyens electriquement 
excttables associes a un canal confannement 
aux donnees de ton d'impression, la duree de 
chaque signal ou bien, lorsque chaque signal 
est maintenu a un niveau donne non zero pen- <o 
dant une certaine periode. la duree de la pe no- 
de, etant choisie de sorte que la Vitesse de la 
gouttelette ejectee de la dite buse en reponse 
au dit signal est senslblement independents fa) 
de ce que les moyens electriquement excite- 46 
bies des canaux voistns du dit canal sont ou 
non excites de fa con si mil aire pour effectual 
une ejection de gouttelette simultanement a 
rejection de gouttetette de -la dite buse, et (b) 
du nombre de goutteiettes a ejector en fonction 50 
des donnees de ton d'impression. 

2. Procede seion la revendtcation 1 , dans lequei des 
canaux successes de laser ie son tregulierement af- 
fectes a des groupes de sorte qu'un canal apparte-" ss 
nam a un groupe quelconque est deTimlte de cna- 
que c6te par des canaux appartenant a au moins 

un autre groupe ; 



les groupes de canaux etant sequentjetie- 
ment actives pour excitation dans des periodes 
successfves ; 

la duree de cheque signal etant choisle de. 
sorte que la Vitesse d'une gouttetette, ejectee du dit 
canai en reponseau dit signal, est sensfbfementin- 
dependante (a) de ce que les canaux appartenant 
au meme groupe que ie dtt canal et qui sont les plus 
proches du dit canal dans la serie sent ou non ex- 
cites defacon slmUaire pour effectuer une ejection 
de gouttelette simultanement a rejection de goutte- 
tette du dit canal, et (b) du nombre de goutteiettes 
e ejector en fonction des donnees de ton depres- 
sion. 

3. Procede seion la revendtcation 1 ou 2, dans I equal 
ie rapport de la duree de chaque signal a la demi- 
periode d'oscillafion des ondes depression Iongitu- 
dtaales dans Ie dit canal est compris dans les pla- 
ges de 1,5 a 1,9 ou de 3;5 a 3,8 ou au voisrnage 
des valeurs 5,5 et 7,5. 

4- Procede seion une quelconque des revendlcations 
p raced antes, dans lequei ies dits moyens electri- 
quement excite bies sont prevus pout fairs verier ie 
volume du dit canal r afin d'effectuer une ejection de 
-gou ttolotto a parferde oekikl 

5. Procede seion la revindication 4,. dans leq uel le dit 
«gnai electrique etfectue une expansion du dit ca- 
nal suivie d'une contraction du dit canai. 

6. Procede seion la revendi cation 5, dans lequei le dit 
canal est maintenu dans des etats cfexpansion et 
de contraction pendant des durees agates, 

7. Pr o c ed e seion la revendication 1 , comprenant feta- 
pede: 

application d'une pluraJite de signaux electri- 
ques aux moyens electriquement excitabies 
associes au dit canal conform ement aux don- 
nees de ton compression, chaque signal eiec- 
trique etant maintenu a un niveau donne non 
nui pendant une certaine periode, ta duree de 
la periode etant choisle de sorte que la vitesse 
de fa gouttelette ejectee du dit canal en reponse 
au dit signal est sensiblement independante (a) 
dec© que ies canaux au voisinage du dit canal 
sont ou non excites de facon similaire pour ef- 
fectuer una ejection de gouttelette simultane- 
ment a Rejection de gouttelette a pareY du dit 
canal, et (b) du nombre de gouttelette&a ejector 
conformement aux donnees de ton d'impres- 
sion. 

-8. Procede seion la revendication 7, dans lequei ies 
canaux successes de la serie sont regulierement af- 
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fecl6s a des groupes de sort© gu'un canal apparte- 
nant a un group© queiconque est delimits- de.cha- 
que cote par ties canaux appartenant a au moins 
un autre groupe ; 

les troupes -de oaneux atari* sequentieHe- 5 
ment actives pour excttatron dans des periodes 
successlves ; 

cheque signal eiectrique etant maintenu a un 
niveau donne non nul pendant une certaine perio- 
de, la duniede la periode etartfctoiw sorteque m 
\a vttesse d'une goutteiette ejectee du dlt canst en 
reponse au dit signal est sens tblement ind6pendan- 
te <a)de ce que les canaux qui appartiennent.au 
m&me groupe que le dit canal et qui sont les plus 
■proches du dit canal dans la aerie aontou non ax- 1S 
ekes de facon simiiaire pour effectuer une ejection 
de gouttetette simuitanernBTrt a une ejection ds 
goutteiette a partf r du dit canal, at (b) du nombre de 
gouttetettes a ejecter conformement aux donnees 
deton d*rrnpresston. 20 

9. Precede seten la revendication 7 ou 8, dans iequel 
ie rapport de la du tee de la periode pendant laqueNe 
chaque signal eiectrique est maintenu a un niveau 
dorme non nul a la demi -periode d'oscHtation des 25 
ondes de pression longitudinales dans le dit canal 

se fcouve dans 4es plages de Ofi a 1 ,0 ou de 1 ,4 a 
1.6. 

10. Precede sek>n une queiconque des revendications JO 
7 a 9, dans Iequel le signal eiectrique maintenu au 

dlt niveau donne non nul cree une augmentation du 
volume du dit canal. 

11. Proceed selon ie revindication 10 r dans iequel -le 36 
dit signal eiectrique cree une expansion du dlt canal 
suivie xTune contraction du dit canal. 

12. Proced6 selon 1a revendication 11, dans Iequel 1e 

dit canal est maintenu dans un etat d'expansion et *o 
un etat de contraction pendant des durees egales. 

13. Precede selon une quefconque des revenolcatons 
precedentes, dans iequel "fa dite plural ite de sign aux 
electriques sont appliques en succession immedia- 46 
te. 

14. Precede selon une queiconque des revendications 
precedentes, dans Iequel des signaux etectriques 
successits sont separes dans le temps par une pe- so 
node de repos. 

15. Precede selon une queiconque des revendications 
precedentes, dans 4equei un certain nombre 
cfautres signaux electriques sont appliques" aux 66 
moyens electriquement excitables, chaque autre si- 
gnal provoquantun changement de temperaturedu 
ftuide de formation de goutteiette dans ie dit canal 



sans provoquer Rejection de goutteiette, )e dit 
changement de temperature etant sensiblement 
egal a celui qui est provoque par Papplication d'un 
signal eiectrique pour effectuer ('ejection d'une 
goutteiette. 

16. Precede selon la revendication 15, dans Iequel les 
gouttelettee pour former un point jmprime sur ie 
substrat sent ejectees dans une periode dejection 
de gouttelettes, \a -sorome du nombre de signaux 
electriques et du nombre de dtts eutres signaux 
electriques appliques 6tant constante pour les pe- 
riodes successives.d jejection de gouttelattas. 

17. Procede selon la revendication 15 ou 16, dans Ie- 
quel le bit autre signal eiectrique est maintenu a un 
nivBau dorme non nul pendant une periode suppie- 
mantafra. 

18. Procede salon la revendication 17, dans Iequel le 
rapport de la duree de la dite periode supplernerv- 
taire a ia duree de ia dite periode pendant iaquelte 
Ie dit signal eiectrique est maintenu a un niveau 
donne non nul estlnferleur a 1. 

19. Procede selon la revendication 18 r dans Iequel le 
rapport est toferieur a 0,4. 

20. Procede selon la revendication 19, dans Iequel le 
rapport est de 0,35 environ. 

21 . Procede seten une queiconque des revendications 
17 a 20, dans Iequel le dit autre signal eiectrique 
est maintenu a un premier niveau donne non nul 
pendant une premiere periode aupplementaire et 
errauite a un deuxieme niveau donne non nul pen- 
dant unedeuxieraeoencde suppler 

premier et deuxieme niveaux donnas non nufs etant 
de signe oppose. 

22. Procede selon la revendication 21 , dans iequel les 
dites premiere et deuxieme periodes supplemental- 
res sont de duree egale. 

23. Procede salon une queiconque des revendications 
precedentes, dansJequel ia Vitesse de la goutteiette 
ejectee est au moms de 5 m/s et de preference au 
moins de 7 m/s, 

24. Procede selon une queiconque des revendications 
precedentes. dans Iequel la demi-periode destina- 
tion des ondes de pression longitudinales dans I'en- 
cre centehue dans le canal a une valeur n'oxcedant 
pas 5 us et de preference ri'excedent pas 2,5 us. 

25. TBte dlmpression a jet cfencre pour impression sur 
un substrat, ia tete depression comprenant : 
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une serie de canaux ; 

une serie de buses qui communiquent respec- 
ttvement avec Ies dtte canaux pour ejection de 
gouttelettes a partir de ceux-ci ; 
des moyens de connexion pour connecter Jes 5 
canaux a une source d'encre ; 
des moyens electriquement excitables asso- 
oies a cheque canal et excttaWes une pJuratite 
defois en fonction de donnees de ton depres- 
sion, afin Rejecter un nombre correspondant ™ 
de gouttelettes pour former un point tmprime de 
ton approprie surle substrat ; et 
un circuit de commando pour .appJiquer. las£l- 
gnaux electriques une ou plusieurs fbis aux 
moyens "electri quarnent exc tta bt es associesa w 
un canal, corrfbrmement aux donnees de ton 
dlmpTBSsion ; 

caracterisee en ce que le circuit de commande est 
configure pour applfquer -chaque signal electrique 20 
pendant une duree choisie, ou pour maintenir cha- 
que -signal a un niveau dorme non turi pendant une 
peri ode, la duree de la periode etant choisie t de sor- 
te que la Vitesse de la gouttaiette ejectee de ta elite 
buse-en reponse au dttaigna^estseBsibiement in- 25 
dependante (a) de ce que ies moyens electrlque- 
ment exditabtes -des canaux au vbteinage du dtt ca- 
nal sont ou non excites de facon simllalre pour ef- 
fectuer une ejection de goutte slmultanement a 
rejection de goutte de ladite buse, et (b) du nombre 3D 
de gouttelettes a ejector en fonction des donnees 
de ton compression. 

26. Circuit de commande pour une tete Compression a 
jet d'encre pour imprkner sur.un substrat, \& tete 35 
depression comprenant : 

une serie de canaux ; 

une serie de buses qui communiquent respeo 
tivement avec ies dits canaux pour ejection de *o 
gouttelettes a partir de ceux-ci ; 
das moyens de connexion pour connecter ies 
canaux a une source d'encre ; et 
des irtoyens electriquement excitables asso- 
cies a cheque canal et excitables une pluralfte ^ 
de fols conformement a des donnees de ton 
u"i Digression, afin d'ejecteT un nombre corres- 
pondant de gouttelettes pour former un point 
tmprime de ton approprie surte substrat; 
le dit circuit de commande etant configure pour so 
appllquer Ies algnaux electriques une ou plu- 
steufs fois eux moyens electriquement excita- 
bles associes a un canal conformement aux 
donnees de ton d'^mpression ; 

ss 

caractertoe en ce que le circuit de commande est 
configure pour appllquer cheque signal atectrique 
pendant une duree choisie, ou bien pour maintenir 



cheque signal a un niveau donne non nul pendant 
une certaine periode, la duree de la periode etant 
choisie, de -sorts que la vitesse de te gouttelette 
ejectee de la ditebuseen reponse au dit signal est 
eensiblement 4ndependante <a) de ce que ies 
moyens electriquement excitables des canaux sp 
tues au voisinage du dit canal sont ou non excites 
de facon sirnilake pour eftectuer une ejection de 
goutte slmultanement a rejection de goutte a partir 
de la dtte buse, et {b) du -nombre de gouttelettes a 
ejecter conformement aux donnees de ton de- 
pression. 
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Fig. 3 A 
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Fig. 3B 
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Fig. 7 
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Fig. 9 
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